In order to evaluate the resolving power of several typing methods to identify relatedness among Brazilian strains of Enterobacter cloacae, we selected twenty isolates from different patients on three wards of a University Hospital (Orthopedics, Nephrology, and Hematology). Traditional phenotyping methods applied to isolates included biotyping, antibiotic sensitivity, phage-typing, and O-serotyping. Plasmid profile analysis, ribotyping, and macrorestriction analysis by pulsed-field gel electrophoresis (PFGE) were used as genotyping methods. Sero-and phage-typing were not useful since the majority of isolates could not be subtyped by these methods. Biotyping, antibiogram and plasmid profile permitted us to classify the samples into different groups depending on the method used, and consequently were not reliable. Ribotyping and PFGE were significantly correlated with the clinical epidemiological analysis. PFGE did not type strains containing nonspecific DNase. Ribotyping was the most discriminative method for typing Brazilian isolates of E. cloacae.
In recent years, Enterobacter cloacae has been increasingly recognized as a significant cause of infection in hospitalized patients with serious underlying disease (1) . Although outbreaks due to nosocomial acquisition of E. cloacae have been reported by a number of investigators (2, 3) , it has also been reported that endogenous E. cloacae may be the source of infection, even during longterm hospitalization (4) . Accordingly, there is a need for persistent surveillance of nosocomial infections caused by E. cloacae in order to distinguish among isolates involved in outbreaks, person-to-person transmission, and endogenous flora.
In this study, we compared the discriminatory power of phenotypic and genotypic typing methods applied to Brazilian E. cloacae strains. The isolates were cultured from 17 patients admitted to three different wards, who were suspected of having acquired E. cloacae at the University Hospital of Ribeirão Preto. These patients had contact with each other on each ward (Orthopedics (ORTH), 18 antimicrobial agents. Phage-typing was performed as previously described by Gaston (5) with a panel of 25 phage. After incubation at 32 o C for 18 h phage reactions were scored as follows: strong reaction (>50 plaques), shown in capital letters; intermediate reaction (£50 plaques), shown in lower case letters; or weak reaction, shown in parentheses. O-serotyping was performed according to the method described by Gaston et al. (6) , using six pools of O specific monovalent sera.
Genotype-based methods included plasmid profile, pulsed-field gel electrophoresis (PFGE), and ribotyping. Plasmids were extracted by a boiling method (7) and separated on a 0.8% agarose gel in TBE buffer (89 mM Tris, 89 mM boric acid, 2 mM EDTA, pH 8.3). PFGE was carried out in a Gene Navigator apparatus (Pharmacia Biotech, Uppsala, Sweden), on 1.5% agarose gels. Genomic DNA was prepared in agarose plugs as described by Haertl and Bandlow (8) . First, the blocks were submit-Pheno-and genotyping of E. cloacae 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 ted to a pre-run at 100 V for 60 min at 7 o C, with pulse time of 0.2 s (interpolate) before restriction digestion. Thereupon, the blocks were digested with NotI and submitted to PFGE as follows: phase I, 25 s for 20 h; phase II, 5 s for 4 h; phase III, 0.5 s for 1 h. Chromosomal DNA for ribotyping was extracted according to the method described by Mekalanos (9) . DNA was cleaved by the restriction enzyme SmaI. A digoxigenin-labeled plasmid (pKK3535) was used as a probe (10). Labeling and detection followed the recommendations of BoehringerMannheim, Mannheim, Germany. Table 1 summarizes the results of all typing methods. All isolates were typed three times in order to assess reproducibility.
Eight different biovar patterns were identified among the 20 isolates. Biovar number I, the most common bio-type, was found almost exclusively in patients on the NEPH ward, but also in one patient on the HEM unit. Patterns III and IV were only observed in patients on the ORTH ward. The clustering of specific biotyping on one unit suggests cross-contamination. Biovar number II was identified in patients from the three wards. This result disagrees with clinical epidemiological data, since patients from different units had never shared staff or devices, and had never been in contact.
The isolates were classified into 10 groups according to the profile of resistance. Antibiotype a, one of the most prevalent (5 cases), was found exclusively in isolates from patients on the ORTH ward. On the other hand, antibiotype e, also found in 5 cases, was detected in samples from NEPH and HEM units.
The results of biotyping and antibiogram grouped the isolates differently, raising doubts over which method should be considered for the purpose of an epidemiological investigation. The unsuitable character of biotyping alone in discriminating strains has been described (11) . Antibiotic susceptibility profiles also have some significant limitations (12) . The main drawback of the method is an inherent four-fold variation in the range of minimal inhibitory concentration results, which can misclassify the organism (13) .
Phage-and serotyping were of lesser value since they failed to classify 12 and 11 isolates, respectively.
The plasmid content of the bacteria showed 7 different plasmid profiles. However, a 72-kb element was detected in almost every sample. This large plasmid could be described as a highly promiscuous element, useless for discriminating strains. The plasmid profile called P3 (isolates 10 and 12) showed correlation with the resistance profile (antibiotype d). Isolates 5 and 8 did not have plasmids. It is noteworthy that extrachromosomal elements can be easily acquired or lost, depending on the antibiotic pressure. Alternatively, a plasmid can integrate into the chromosomal DNA, being undetectable by the usual extraction techniques (14) .
Ribotyping after digestion of chromosomal DNA with SmaI yielded approximately 10 bands per lane, and distinguished 15 strains (Figure 1) . The data suggested crosscontamination between patients who had been admitted to the same wards: patients 1 and 2 on the ORTH unit, patients 10 and 12 on the NEPH unit, patients 19 and 20, also on the NEPH unit, patients 32, 34, 37 and 38 on the HEM unit. Ribotyping discriminated the E. cloacae isolate of the control patient on each ward (6, 30, and 31). Other patients (4, 5, 7, 8, 11, 14, and 18) , who also had nosocomial infection by E. cloacae, showed different ribotypes. These results suggest that even if these patients had acquired the bacteria at the hospital, they were not involved in a cross-contamination event. The ribotyping patterns obtained were reproducible in three independent experiments. In order to achieve a better discriminatory power, we also used EcoRI, which further confirmed the results with SmaI. The use of EcoRI, BamHI, HindIII, and PvuII, independently, has been found to be very useful for discriminating among strains of E. cloacae by ribotyping (15, 16) .
Although the band patterns achieved after NotI digestion of chromosomal DNA were complex for visual analysis, PFGE grouped the samples into 11 classes. The results agreed with those obtained with ribotyping. Six isolates (numbers 2, 11, 14, 18, 37, and 38) could not be typed by PFGE because of DNase contamination. We were not successful in trying to avoid the action of DNase by using different growth and running conditions. Similar problems were also reported by other researchers who suggested the activity of a nonspecific nuclease produced by some strains to be responsible for this effect (17) .
There is no consensus about interpreting DNA restriction patterns generated by ribotyping or PFGE. Nevertheless, Tenover et al. (18) suggested some guidelines for interpreting chromosomal DNA restriction patterns produced by PFGE that could also be used for ribotyping. They observed that point mutations, insertions or deletions could result in the creation or loss of a restriction site, or a difference in the size of a fragment, resulting in altered patterns. Moreover, care should be taken concerning bands created by partial digestion, and the amount of DNA loaded per lane, which could slightly shift band position. In general, when each and every band in one lane matches the bands in another, the strains are considered to be identical. Strains can be judged to be closely related when they share most bands. Dices coefficient of similarity could be used for this purpose, since it takes into account the number of shared bands and the total number of fragments obtained with the restriction enzyme (18) .
The results obtained with any strain typing method must always be evaluated within the context of the available clinical and epidemiological data. In general, phenotypic methods discriminated poorly and often produced inconsistent results. Accordingly, changes in lipopolysaccharide, which functions as a bacteriophage receptor, may affect the sensitivity of strains to phages. O-serotyping showed spontaneous agglutination in saline and subtle alterations of antigen epitopes, leading to nonspecific reactions to different sera. Thus, sero-and phage-typing are frequently inadequate for the recognition of clonal groups. Genetic heterogeneity within the same serotype has been described (19) . The combination of two or more phenotypic typing methods has been proposed as an essential requirement for discriminating between strains of E. cloacae (4) . Although we tried different combinations of phenotype-based methods, the results grouped isolates that did not have obvious connections and subdivided others that were linked on the basis of epidemiological data. This observation was also reported by others (20) . Traits that could have their expression regulated or have unstable features, like phenotypic characteristics or plasmid profile, respectively, do not always associate with known epidemiological facts.
Among the genotype-based methods, PFGE could not be used to type all samples of E. cloacae because of DNase contamination. However, this technique has been widely used as a tool for epidemiologic surveillance of different bacterial genera, including E. cloacae (8, 18) . In Brazil, PFGE has been successfully applied to analyze the spread of Pheno-and genotyping of E. cloacae Acinetobacter baumannii among three hospitals located in São Paulo (21) . Ribotyping has also been extensively used to discriminate among unrelated and epidemiologically related isolates in Brazil (22) and abroad (14) (15) (16) . In this work, ribotyping was the most helpful method for the investigation of cross-contamination with E. cloacae. The information obtained with this technique agreed with our epidemiological data and the method was relatively simple to perform,
